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§6. Properties for Excitation of Helical Coils 
of the Large Helical Device 
Imagawa, S., Yanagi, N., Satow, T. 
The helical coils for LHD are large scale pool-cooled 
superconducting coils. The design current at 4.4 K is 13.0 
kA, and the standard operation current is 12.5 kA which 
produce 3.0 T of the toroidal magnetic field at the major 
radius of 3.75 m. The first excitation tests up to 6.5 kA 
were carried out successfully in March 1998. After a few 
months' plasma experiments at 1.5 T, the excitation up to 
standard 3.0 T was tried in October 1998. The excitations 
up to 2.0 T and 2.5 T were attained by 0.1 T/min without 
any abnormal signals. After twice continu'ous charge and 
discharge up to 2.5 T, we tried 2.75 T with holding 2.5,2.6 
and 2.7 T for each 5 min. The first propagation of normal 
zone was observed when setting to 2.7 T, and it recovered 
within 5 s, as shown in Fig. 1. In the next step, a wide 
propagation occurred at 11.4 kA, as shown in Fig. 2. It 
expanded over 20 m and shrank gradually. On the way of 
recovery, it propagated again rapidly and widely, and the 
quench detection system worked. 
Since a disturbance by movement of the conductor was 
considered to be indispensable in such a large coil, the 
helical coil was designed to satisfy 'cold-end' stability by 
using the recovery current measured in short samples of 
the developed conductors. It is the current at which the 
normal zone disappears in current decreasing process after 
producing a certain length of normal zone by a heater. 
However, it was revealed that a normal zone propagates at 
lower than the recovery current. The reason is excess heat 
generation during the current diffusing into a low resistive 
stabilizer. 1, 2) When the propagation stops once by the 
change of field or cooling conditions, the current in the 
whole normal zone penetrates into the stabilizer, and it 
begins shortening. Nevertheless, it cannot recover in the 
case of a wide propagation, because the cooling conditions 
become worse and worse by the generation of bubble in 
the narrow channel of the actual coils. 
In order to study the effect of distribution of the bias 
magnetic field, we made a coil sample of 10 turns. The 
inner diameter is 0.3 m, and the cooling channel is similar 
to the actual coil. The bias field is the highest in the most 
inner turn, where the normal zone is induced by the heater. 
When the current is somewhat 'higher than the minimum 
propagating current, it propagates to next turns and stops. 
After that, it recovers smoothly or stagnates at a certain 
length. In the latter case, we decrease the transport current, 
and we measure the recovery current. It was fairly lower 
than the expected value, as shown in Fig. 3. The main 
reason is considered to be degradation of cooling. The 
other important point is that the minimum propagating 
current is much lower than the expected recovery current. 
The protection system of coils worked precisely, and the 
coils have been sound. After repeating the excitations from 
the lower current, the second excitation up to 2.75 Twas 
attained by 0.01 T /min without a normal propagation. In 
these excitations, we observed that the number and the 
amplitude of the balance voltage decreased by repeating 
excitations. and that it does not appear in the discharging 
62 
process from high field to 2.1 T around. Then, the coils 
will be used safely for plasma experiments by being 
charged once up to slightly higher field. Furthermore, the 
excitation higher than 11.4 kA is expected by keeping 
good cooling condition. 
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Fig. 1. Voltage of HC at the first excitation up to 2.70 T. 
The balance voltage is the difference between each pair of 
coil blocks. 
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Fig. 2. Voltage of HC at the first excitation up to 2.75 T. 
15 Exposure rate: 67% 
~ 14 
'E 13 ~ 
L-
::J 12 0 
~ 
Q) 
> 11 0 () 
Q) 
a: 10 
E~p~L~;:;;.:;.:;;,,-.<I~~f line (I) 
. ... from short samples.. ... 1" "" , ......... . 
~ i Nominal" .. " •• 
................. .1 .................... :!'II. ........ ~~~.~.~~ ............... . 
________________ ! ______________ ! ___ ~~i 
................ j ...... --.......... Minimum propagating 
~ current of test coil 
9 4 6 
Bias field (T) 
Fig. 3. Recovery current and minimum propagating 
current of HC Test Coil. 
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